Abstract. C-arms are well suited for obtaining cone-beam projections intra-operatively. Due to the compact size of the detector used, the data are usually truncated within the field of view. As a result, direct application of a standard cone-beam reconstruction algorithm gives rise to undesirable artifacts and incorrect values in the reconstructed image volume. When prior information such as a pre-operative CT scan is available, fully truncated cone-beam projections can be used to recover the change within a small region of interest without such artifacts. A method for integrating prior CT is developed using the concept of pi-lines and tested on real flat-panel and simulated cone-beam data.
Introduction
Three dimensional image reconstruction from C-arm cone-beam projections has been an area of growing practical interest over the last couple of decades. Carms can provide rotational cone-beam images that can be used for the purpose of three dimensional reconstruction of anatomy. Filtered backprojection methods, such as Feldkamp's method [1] , are among the most popular approaches to cone-beam reconstruction of C-arm images. These methods require a sufficiently large angular sweep, and require that the anatomy being scanned is entirely captured in the detector. In intra-operative applications, such as in hip replacement surgeries, these conditions cannot be practically met, due to patient size, orientation, and other objects such as tools, patient table, etc. that occlude the C-arm's view of the anatomy. These restrictions cause undesirable artifacts within the reconstruction field of view (FOV) thus rendering the reconstructions unsuitable for prognosis or planning. While intra-operative CT scans are quite impractical for such applications, prior CT scans of the same patient may provide valuable information that can be used to compensate for aforesaid artifacts.
In this paper, we investigate the possibility of using prior CT information in cone-beam reconstruction, from fully truncated C-arm images. Recent developments in fan-beam and cone-beam tomography [2, 3, 4, 5] have shown, by introducing the concept of "Pi-lines", that a certain degree of truncation (along the width of the detector) is admissible. However, when data is truncated at both ends of the detector these methods do not work. This is known as the interior problem and it has been shown that a unique inverse does not exist [6] Our goal is to show that in certain cases prior CT information can be used to convert the interior problem into a sub-interior problem, i.e., a case where the aforementioned Pi-lines technique can be used. Consider for example an application involving the imaging of the pelvic bone during a sacroplasty procedure. Although a 3D pre-operative CT is typically obtained to find the regions of sacral fracture, it would also be helpful to obtain 3D reconstructions during the various steps of the procedure itself. We approach this problem by modeling the effects of the procedure as a change in the anatomy with respect to the prior CT. We show how this change can be recovered within a small region of interest from a semicircular sweep of heavily truncated cone-beam projections. The x-ray source can be collimated to as narrow a beam as required to cover this region of interest thereby keeping radiational exposure to a minimum.
Background

Classical Framework
Cone-beam reconstruction techniques may be broadly classified based upon the geometry of the source path: (a) Non-planar source paths and (b) Planar source paths. Exact 3D reconstruction is possible only when the source path satisfies Tuy's [7] condition, according to which every plane passing through any point of interest must intersect the source path non-tangentially at least once. It immediately follows that, only non-planar source paths are capable of satisfying this requirement for an entire volumetric region. Planar source paths can at best satisfy this requirement only for points contained within the plane containing the source path itself. In such cases it is simplest to develop cone-beam algorithms by simply extending existing exact 2D fan-beam reconstruction techniques above and below the mid-plane (the plane containing the source path). Feldkamp's reconstruction method [1] for volumetric cone-beam reconstruction is an example of this approach. It is an extension of classical exact 2D fan-beam reconstruction algorithm on a circular path.
Recent Developments
In recent years, exact fan-beam reconstruction techniques have improved progressively by relaxing the requirements on the projection data. While classical fan-beam tomography cannot handle truncated data and requires a minimum
